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(57) ABSTRACT

An intake control system for an internal combustion engine is
capable of ensuring a differential pressure across an EGR
valve, and controlling an EGR amount with high accuracy. A
target fresh air amount is set based on a demanded torque
calculated according to operating conditions of the engine. A
differential pressure across an EGR valve is set as a target
differential pressure. When it is determined that the across-
valve differential pressure is not in a state in which the target
differential pressure can be ensured, an opening degree of the
EGR valve is controlled to limit an EGR amount. An opening
degree of a throttle valve is controlled based on the target
fresh air amount, so as to ensure the target differential pres-

sure.
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1

INTAKE CONTROL SYSTEM FOR
INTERNAL COMBUSTION ENGINE

FIELD OF THE INVENTION

The present invention relates to an intake control system
for an internal combustion engine, for controlling an amount
of EGR gases recirculated from an exhaust passage to an
intake passage via an EGR passage, and an amount of fresh air
drawn into a combustion chamber.

BACKGROUND ART

A conventional intake control system for an internal com-
bustion engine of this type is disclosed in PTL 1. This internal
combustion engine is e.g. a diesel engine, including an intake
throttle valve that is disposed in an intake passage, an EGR
passage that is connected to an exhaust passage and a portion
of'the intake passage downstream of the intake throttle valve,
for recirculating part of exhaust gases discharged into the
exhaust passage, and an EGR valve that is disposed in the
vicinity of an outlet of the EGR passage to the intake passage,
for adjusting the EGR amount.

Further, in this intake control system, a differential pres-
sure across the EGR valve is calculated, and if the calculated
across-valve differential pressure is not more than a predeter-
mined value, the intake throttle valve is throttled to thereby
increase the across-valve differential pressure. As a conse-
quence, the differential pressure across the EGR valve is
ensured, and a degree of change in EGR amount with respect
to an opening degree of the EGR valve is made moderate to
thereby perform control of the EGR amount by the EGR valve
with high accuracy.

CITATION LIST

[Patent Literature 1]
[PTL 1] Publication of Japanese Patent No. 3888024

SUMMARY OF INVENTION
Technical Problem

As described above, in the conventional intake control
system, in the diesel engine, when the differential pressure
across the EGR valve is not more than a predetermined value,
the differential pressure across the EGR valve is ensured by
throttling the intake throttle valve so as to perform control of
the EGR amount by the EGR valve with high accuracy. How-
ever, if this method is used for a gasoline engine that burns an
air-fuel mixture of a stoichiometric air-fuel ratio, a fresh air
amount is reduced by throttling the intake throttle valve, and
accordingly torque of the engine is reduced. This causes a
problem that it is impossible to meet a torque demand by the
driver, resulting in degraded drivability.

The present invention has been made to provide a solution
to the above-described problem, and an object thereof is to
provide an intake control system for an internal combustion
engine, which is capable of ensuring a differential pressure
across an EGR valve while maintaining drivability even in a
case where an air-fuel mixture of a stoichiometric air-fuel
ratio is burned, thereby making it possible to control an EGR
amount with high accuracy.

Solution to Problem

To attain the above object, the present invention according
to claim 1 is an intake control system for an internal combus-
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tion engine, comprising a throttle valve 10a provided in an
intake passage 6 of the engine 3, for adjusting an amount of
fresh air drawn into a combustion chamber 3d, an EGR pas-
sage 12 for recirculating part of exhaust gases discharged
from the combustion chamber 34 into an exhaust passage 7 to
a downstream side of the throttle valve 10q in the intake
passage 6, an EGR valve 13a disposed in an intermediate
portion of the EGR passage 12, for adjusting an EGR amount
GEGR, which is an amount of exhaust gases recirculated
through the EGR passage 12, operating condition-detecting
means (crank angle sensor 20, accelerator pedal opening sen-
sor 21) for detecting operating conditions (engine speed NE,
accelerator pedal opening AP) of the engine 3, demanded
torque-calculating means (ECU 2, step 1 in FIG. 3) for cal-
culating a demanded torque TRQ demanded by a driver
according to the detected operating conditions of the engine
3, target fresh air amount-setting means (ECU 2, step 2 in
FIG. 3) for setting a target fresh air amount GAIRCMD based
onthe calculated demanded torque TRQ, required differential
pressure-setting means (ECU 2, step 4 in FIG. 3) for setting an
across-valve differential pressure (atmospheric pressure
PA—intake pressure PB) required to stably recirculate
exhaust gases, which is a difference in pressure between an
upstream side and a downstream side of the EGR valve 13a,
as a required differential pressure DPCMD, differential pres-
sure state-determining means (ECU 2, steps 5 to 8 in FIG. 3)
for determining whether or not the across-valve differential
pressure is in a state in which the set required differential
pressure DPCMD can be ensured, and control means (ECU 2,
steps 8,9 in FIG. 3, FIG. 8, FIG. 10) for, when it is determined
that the across-valve differential pressure is not in the state in
which the set required differential pressure DPCMD can be
ensured, reducingly controlling an opening degree (EGR
valve opening LEGR) of the EGR valve 134 to thereby limit
the EGR amount GEGR and controlling an opening degree
(throttle valve opening 8TH) of the throttle valve 10a such
that the target fresh air amount GAIRCMD of fresh air is
drawn into the combustion chamber 3d, so as to ensure the
required differential pressure DPCMD.

According to this intake control system for an internal
combustion engine, the amount of fresh air drawn into the
combustion chamber is adjusted by the throttle valve dis-
posed in the intake passage. Further, part of exhaust gases
discharged from the combustion chamber into the exhaust
passage is recirculated to the downstream side of the throttle
valve in the intake passage via the EGR passage, and the EGR
amount is adjusted by the EGR valve disposed in the inter-
mediate portion of the EGR passage. Further, the demanded
torque demanded by the driver is calculated according to the
detected operating conditions of the engine, and the target
fresh air amount is calculated based on the calculated
demanded torque.

According to the present invention, the differential pres-
sure across the EGR valve (difference in pressure between the
upstream side and the downstream side) required to stably
recirculate exhaust gases is set as the required differential
pressure, and it is determined whether or not the differential
pressure across the EGR is in the state in which the set
required differential pressure can be ensured. Then, if it is
determined that the across-valve differential pressure is not in
the state in which the set required differential pressure can be
ensured, the opening degree of the EGR valve is reducingly
controlled to limit the EGR amount so as to ensure the set
required differential pressure. This causes the across-valve
differential pressure to be increased, and the set required
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differential pressure to be ensured, whereby it is possible to
stably recirculate exhaust gases, and thereby control the EGR
amount with high accuracy.

On the other hand, also in the above-mentioned situation,
the fresh air amount is held at the target fresh air amount by
controlling the opening degree of the throttle valve such that
the target fresh air amount of fresh air set based on the
demanded torque is drawn into the combustion chamber.
Therefore, differently from the conventional control system,
also in a case where an air-fuel mixture of a stoichiometric
air-fuel ratio is burned, the torque of the engine is prevented
from being reduced, whereby a torque demand by the driver
is met, which makes it possible to maintain drivability.

The invention according to claim 2 is the control system
recited in claim 1, wherein the differential pressure across the
EGR valve 13a is a difference between atmospheric pressure
PA and pressure (intake pressure PB) in the intake passage 6
on the downstream side of the throttle valve 10a.

The upstream side of the EGR valve is communicated with
the atmosphere via the upstream portion of the EGR passage
and the exhaust passage, and the downstream side of the EGR
valve is communicated with the downstream side of the
throttle valve in the intake passage via the downstream por-
tion of the EGR passage. Therefore, the difference between
the atmospheric pressure and the intake pressure which are
pressures in these communicating portions excellently indi-
cates the differential pressure across the EGR valve. There-
fore, by using the difference between the atmospheric pres-
sure and the intake pressure as the differential pressure across
the EGR valve, it is possible to effectively obtain the above-
described advantageous effects provided by claim 1.

Further, the atmospheric pressure is a parameter usually
used for control of the engine, and hence a result of detection
from existing detection means usually provided for detecting
the atmospheric pressure can be directly used. Further, the
required differential pressure is ensured by the above-de-
scribed control, so that the difference between the atmo-
spheric pressure and the intake pressure is controlled to the
target value, and therefore it is possible to perform control
using the difference between the two pressures, e.g. purge
control of evaporated fuel, with high accuracy.

The invention according to claim 3 is the control system as
recited in claim 1, further comprising atmospheric pressure-
detecting means (atmospheric pressure sensor 22) for detect-
ing atmospheric pressure PA, target EGR amount-setting
means (ECU 2, step 3 in FIG. 3) for setting a target EGR
amount GEGRCMD based on operating conditions of the
engine 3, limit intake pressure-setting means (ECU 2, step 5
in FIG. 3) for setting a limit intake pressure PBCMD for
ensuring the required differential pressure, by subtracting the
required differential pressure DPCMD from the detected
atmospheric pressure PA, limit intake air amount-calculating
means (ECU 2, step 6 in FIG. 3) for calculating a limit intake
air amount GCYLLMT of'intake air which can be drawn into
the combustion chamber 3d based on the set limit intake
pressure PBCMD, and limit EGR amount-calculating means
(ECU 2, step 7 in FIG. 3) for calculating a limit EGR amount
GEGRLMT by subtracting the target fresh air amount
GAIRCMD from the calculated limit intake air amount
GCYLLMT, and wherein the differential pressure state-de-
termining means determines whether or not the across-valve
differential pressure is in a state in which the required difter-
ential pressure DPCMD can be ensured, by comparing the set
target EGR amount GEGRCMD and the calculated limit
EGR amount GEGRLMT (step 8 in FIG. 3), and wherein
when the target EGR amount GEGRCMD is larger than the
limit EGR amount GEGRLMT, the control means limits the
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target EGR amount GEGRCMD to the limit EGR amount
GEGRLMT, and controls the opening degree of the EGR
valve 13a based on the limited target EGR amount (steps 8,9
in FIG. 3, FIG. 10).

With this configuration, the target EGR amount is set based
on the operating conditions of the engine. Further, the limit
intake pressure for ensuring the required differential pressure
is set by subtracting the required differential pressure from
the detected atmospheric pressure, and the limit intake air
amount of intake air which can be drawn into the combustion
chamber is calculated based on the set limit intake pressure.
This causes the limit intake air amount to be properly calcu-
lated which is an upper limit value of the intake air amount
required to ensure the set required differential pressure. Fur-
ther, the limit EGR amount, which is an upper limit value of
the EGR amount, is calculated by subtracting the target fresh
air amount from the limit intake air amount, and it is deter-
mined by comparing the limit EGR amount and the target
EGR amount whether or not the across-valve differential
pressure is in the state in which the required differential
pressure can be ensured.

Then, when the target EGR amount is larger than the limit
EGR amount, it is determined that the required differential
pressure cannot be ensured, and the target EGR amount is
limited to the limit EGR amount according to the determina-
tion, and the opening degree of the EGR valve is controlled
based on the limited target EGR amount. By executing the
above-described control, when the sum of the target fresh air
amount and the target EGR amount exceeds the limit intake
air amount which makes it possible to ensure the required
differential pressure, the fresh air amount is ensured by main-
taining the target fresh air amount, and on the other hand, the
target EGR amount is limited such that the sum of the target
fresh air amount and the target EGR amount becomes equal to
the limit intake air amount. Therefore, it is possible to excel-
lently obtain the above-described advantageous eftects pro-
vided by claim 1 that the EGR control can be performed with
high accuracy by ensuring the required differential pressure,
and that drivability can be maintained by ensuring the fresh
air amount.

The invention according to claim 4 is the control system 1
as recited in claim 3, further comprising intake pressure-
detecting means (intake pressure sensor 24) for detecting
pressure in the intake passage 6 on the downstream side of the
throttle valve 10a as intake pressure PB, and correction means
(ECU 2, steps 42, 45, 48 in FIG. 13, step 33 in FIG. 12) for
reducingly correcting the target EGR amount GERCMD
when a difference (actual differential pressure DP) between
the atmospheric pressure PA and the detected intake pressure
PB is smaller than the required differential pressure PBCMD.

Even when the target EGR amount is limited according to
predetermined conditions in a feedforward manner so as to
ensure the required differential pressure, as in claim 3 recited
above, there are cases where the required differential pressure
cannot be ensured due to deviation of the intake characteris-
tics caused by variation in hardware configuration or aging.
With this configuration, the difference between the detected
atmospheric pressure and intake pressure is obtained as the
actual differential pressure across the EGR valve, and when
this across-valve differential pressure is smaller than the
required differential pressure, the target EGR amount is cor-
rected in a feedback manner, and hence even when there has
been caused a deviation in intake characteristics, it is possible
to ensure the required differential pressure.

The invention according to claim 5 is the control system 1
as recited in any one of claims 1 to 4, further comprising
atmospheric pressure-detecting means (atmospheric pressure
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sensor 22) for detecting atmospheric pressure PA, and the
required differential pressure-setting means sets the required
differential pressure DPCMD to a larger value as the detected
atmospheric pressure PA is lower (step 4 in FIG. 3, FIG. 4).

In a case where the condition of the differential pressure
across the EGR valve is the same, as the atmospheric pres-
sure, which is a pressure on the upstream side of the EGR
valve, is lower, a degree of change in EGR amount with
respect to a change in pressure on the downstream side
becomes larger, which tends to make recirculation of exhaust
gases unstable. With this configuration, as the detected atmo-
spheric pressure is lower, the required differential pressure is
set to a larger value, and hence it is possible to ensure a larger
across-valve differential pressure to thereby make it possible
to stabilize recirculation of exhaust gases. Therefore, even
when the atmospheric pressure is low, it is possible to control
the EGR amount with high accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 A diagram schematically showing an internal com-
bustion engine to which the present invention is applied.

FIG. 2 A block diagram of an intake control system.

FIG. 3 A flowchart of a setting process for a target fresh air
amount and a target EGR amount.

FIG. 4 A map for calculating a required differential pres-
sure.

FIG. 5 A map for calculating a limit intake air amount.

FIG. 6 A diagram showing examples of operation by the
setting process in FIG. 3 in cases of (a) flatland conditions and
(b) highland conditions.

FIG. 7 A diagram showing a pressure function.

FIG. 8 A flowchart of a control process for a throttle valve.

FIG. 9 A map for calculating a target opening degree of the
throttle valve.

FIG. 10 A flowchart of a control process for an EGR valve.

FIG. 11 A map for calculating a target opening degree of
the EGR valve.

FIG. 12 A flowchart of a main flow of a calculation process
for the target fresh air amount and the target EGR amount.

FIG. 13 A flowchart of a calculation process for a feedback
correction term of the target EGR amount.

FIG. 14 A timing diagram schematically showing an
example of operation according to the present embodiment
together with a comparative example.

MODE FOR CARRYING OUT INVENTION

The invention will now be described in detail with refer-
ence to drawings showing a preferred embodiment thereof.
FIG. 1 shows an internal combustion engine (hereinafter
referred to as the “engine”) 3 to which the present invention is
applied. The engine 3 is a gasoline engine that is installed on
avehicle (not shown), and has e.g. four cylinders 3a (only one
of which is shown). A combustion chamber 34 is defined
between a piston 35 and a cylinder head 3¢ for each of cylin-
ders 3a of the engine 3.

An intake passage 6 is connected to each cylinder 3a via an
intake manifold 65 having an intake collector 64, and an
exhaust passage 7 is connected to the cylinder 3a via an
exhaust manifold (not shown). The intake manifold 64 is
provided with fuel injection valves 4 (see FIG. 2) and the
cylinder head 3¢ is provided with spark plugs 5 (see FIG. 2),
on a cylinder-by-cylinder basis. The injection amount and
injection timing of fuel injected by each fuel injection valve 4,
and ignition timing of each spark plug 5 are controlled by
control signals from an ECU 2, referred to hereinafter.
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A throttle valve mechanism 10 is disposed in the intake
passage 6 at a location upstream of the intake collector 6a.
The throttle valve mechanism 10 includes a throttle valve 10a
of'a butterfly type disposed in the intake passage 6, and a TH
actuator 104 for actuating the throttle valve 10a. An opening
degree 0TH of the throttle valve 10a (hereinafter referred to
as the “throttle valve opening 6 TH”) is controlled by control-
ling a duty factor of electric current supplied to the TH actua-
tor 1056 by the ECU 2, whereby a fresh air amount GAIR of
intake air drawn into the combustion chamber 3d is adjusted.

An exhaust emission purifier 8 comprising a three-way
catalyst (not shown) etc., for purifying exhaust gases dis-
charged from the combustion chamber 34 is provided in the
exhaust passage 7.

Further, the engine 3 is provided with an EGR device 11 for
recirculating part of exhaust gases discharged into the exhaust
passage 7 to the intake passage 6, as EGR gases. The EGR
device 11 comprises an EGR passage 12, an EGR valve
mechanism 13 disposed in an intermediate portion of the
EGR passage 12, and an EGR cooler 14. The EGR passage 12
is connected to a portion ofthe exhaust passage 7 ata location
downstream of the exhaust emission purifier 8 and to the
intake collector 6a of the intake passage 6 at a location down-
stream of the throttle valve 10a.

The EGR valve mechanism 13 includes a EGR valve 13a of
a poppet-type disposed in the EGR passage 12, and an EGR
actuator 134 for actuating the EGR valve 13a. A lift amount
LEGR of the EGR valve 13a (hereinafter referred to the
“EGR valve opening LEGR”) is controlled by controlling a
duty factor of electric current supplied to the EGR actuator
135 by the ECU 2, whereby an EGR amount GEGR of EGR
gases recirculated to the intake passage 6 is adjusted. The
EGR cooler 14 is disposed upstream of the EGR valve 13a,
and cools high-temperature EGR gases using engine coolant
of'the engine 3.

Further, the engine 3 is provided with an evaporated fuel
processor 15. The evaporated fuel processor 15 is used for
supplying evaporated fuel generated in a fuel tank 16 to the
cylinders 3a via the intake passage 6. The evaporated fuel
processor 15 includes a canister (not shown) and a purge
control valve 154 (see FIG. 2).

The canister is connected to the fuel tank 16 and the intake
collector 6a. Evaporated fuel is temporarily absorbed by the
canister, and then sent (purged) into the intake passage 6
using negative pressure in the intake collector 6a. The open-
ing degree of the purge control valve 15a is controlled by the
ECU 2 whereby a purge flow rate of evaporated fuel purged
into the intake passage 6 is controlled.

A crankshaft (not shown) of the engine 3 is provided with
a crank angle sensor 20. The crank angle sensor 20 delivers a
CRK signal, which is a pulse signal, to the ECU 2 along with
rotation of the crankshaft, whenever the crankshaft rotates
through a predetermined crank angle (e.g. 30°). The ECU 2
calculates a rotational speed NE of the engine 3 (hereafter
referred to as the “engine speed NE”) based on the CRK
signal. Also delivered to the ECU 2 is a detection signal
indicative of an operation amount AP of an accelerator pedal
(not shown) of the vehicle (hereinafter referred to as the
“accelerator pedal opening AP”) from an accelerator pedal
opening sensor 21.

An atmospheric pressure sensor 22 and an intake air tem-
perature sensor 23 are provided in the intake passage 6 at
respective locations upstream of the throttle valve 10a. The
atmospheric pressure sensor 22 detects an atmospheric pres-
sure PA and delivers a signal indicative of the detected atmo-
spheric pressure PA to the ECU 2. The intake air temperature
sensor 23 detects a temperature TA of fresh air flowing
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through the intake passage 6 (hereinafter referred to as the
“intake air temperature TA”) and delivers a signal indicative
of the detected intake air temperature TA to the ECU 2.

Further, an intake pressure sensor 24 is provided in the
intake collector 6a. The intake pressure sensor 24 detects
pressure PB of intake air (hereinafter referred to as the “intake
air pressure PB”) on a downstream side of the throttle valve
10a as absolute pressure, and delivers a signal indicative of
the detected intake air pressure PB to the ECU 2.

Further, an EGR temperature sensor 25 is provided in the
EGR passage 12 at a location immediately upstream of the
EGR valve 13a. The EGR temperature sensor 25 detects a
temperature TEGR of EGR gases flowing through the EGR
valve 13a (hereinafter referred to as the “EGR temperature
TEGR”) and delivers a signal indicative of the detected EGR
temperature TEGR to the ECU 2.

The ECU 2 is implemented by a microcomputer compris-
ing a CPU, a RAM, a ROM, and an I/O interface (none of
which are shown). The ECU 2 determines operating condi-
tions of the engine 3 based on the detection signals from the
above-described sensors 20 to 25 and the like, and executes,
depending on the determined operating conditions of the
engine 3, control of an amount of fuel to be injected into the
engine 3, and an intake control process including respective
fresh air amount control and the EGR amount control via the
throttle valve 10a and the EGR valve 13a.

In the present embodiment, the ECU 2 corresponds to
demanded torque-calculating means, target fresh air amount-
setting means, required differential pressure-setting means,
differential pressure state-determining means, control means,
target EGR amount-setting means, limit intake pressure-set-
ting means, limit intake air amount-calculating means, limit
EGR amount-calculating means, and correction means.

FIG. 12 is a flowchart of a main flow of a calculation
process for a target fresh air amount GAIRCMD and a target
EGR amount GEGRCMD, included in the intake control
process executed by the ECU 2. This process is repeatedly
executed whenever a predetermined time period elapses.

In the present process, first, in a step 31 (shown as S31 in
FIG. 12; the following steps are also similarly shown), the
target fresh air amount GAIRCMD and the target EGR
amount GEGRCMD are set. Then, a feedback correction
term GEGREF/B for the target EGR amount GEGRCMD is
calculated (step 32). Next, the calculated feedback correction
term GEGRF/B is added to the target EGR amount
GEGRCMD set in the step 31 to thereby calculate the final
target EGR amount GEGRCMD (step 33), followed by ter-
minating the present process.

FIG. 3 is a sub routine of the setting process for the target
fresh air amount GAIRCMD and the target EGR amount
GEGRCMD, executed in the step 31. In the present process,
first, in a step 1, a demanded torque TRQ demanded by a
driver is calculated by searching a predetermined map (not
shown) according to the detected accelerator pedal opening
AP and engine speed NE.

Next, the target fresh air amount GAIRCMD is calculated
by searching a predetermined map (not shown) for the target
fresh air amount according to the calculated demanded torque
TRQ and the engine speed NE (step 2). Further, the target
EGR amount GEGRCMD is calculated by searching a pre-
determined map (not shown) for the target EGR amount
according to the demanded torque TRQ and the engine speed
NE (step 3).

Next, a required differential pressure DPCMD which is
required as a differential pressure across the EGR valve 13a (a
difference in pressure between an upstream side and a down-
stream side) is calculated by searching a map shown in FIG.
4 according to the detected atmospheric pressure PA (step 4).
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In this map, the required differential pressure DPCMD is set
to a predetermined value DPN (e.g. 50 mmHg) when the
atmospheric pressure PA is equal to a predetermined pressure
PAN (e.g. 760 mmHg) corresponding to the atmospheric
pressure PA at a flatland, and is set to a larger value as the
atmospheric pressure PA is lower, i.e. as the altitude is higher.
This is because as the atmospheric pressure PA, which is
pressure on the upstream side of the EGR valve 134, is lower,
adegree of change in EGR amount with respect to a change in
pressure in the downstream side of the same becomes larger,
and hence a larger across-valve differential pressure is
required in order to stabilize recirculation of EGR gases and
control the EGR amount with high accuracy.

Next, a limit intake pressure PBCMD, which is a limit
value of the intake pressure PB for ensuring the required
differential pressure DPCMD, is calculated by subtracting the
calculated required differential pressure DPCMD from the
atmospheric pressure PA (step 5).

Next, a limit intake air amount GCYLLMT is calculated by
searching a map shown in FIG. 5 according to the calculated
limit intake pressure PBCMD and the engine speed NE (step
6). This map is formed by determining, by experiment or the
like, an intake air amount GCYL of intake air which can be
drawn into the combustion chamber 34 with respect to the
intake pressure PB, and mapping the obtained result as a
relationship between the limit intake pressure PBCMD and
the limit intake air amount GCYLLMT.

Further, although not shown, this map is formed by m maps
created with respect to engine speeds NE1 to NEm which are
different from each other, and one of these maps, which
corresponds to the actual engine speed NE, is used. Further, in
a case where the engine speed NE is equal to none of NE1 to
NEm, the limit intake air amount GCYLLMT is obtained by
interpolation calculation.

Next, a limit EGR amount GEGRLMT is calculated by
subtracting the target fresh air amount GAIRCMD calculated
in the step 2 from this limit intake air amount GCYLLMT
(step 7). Next, it is determined whether or not the target EGR
amount GEGRCMD calculated in the step 3 is larger than the
limit EGR amount GEGRLMT (step 8). If the answer to the
question of the step 8 is negative (NO), i.e. if the target EGR
amount GEGRCMD is not larger than the limit EGR amount
GEGRLMT, the present process is immediately terminated.
On the other hand, if the answer to the question of the step 8
is affirmative (YES), ie. if the target EGR amount
GEGRCMD is larger than the limit EGR amount GEGR-
LMT, the target EGR amount GEGRCMD is set to the limit
EGR amount GEGRLMT (step 9) to thereby limit the EGR
amount, followed by terminating the present process.

FIG. 6 shows examples of the operation obtained by the
above-described process in FIG. 3 in cases of (a) flatland
conditions and (b) highland conditions. As shownin (a), in the
case of a flatland, the limit intake pressure PBCMDN is set by
subtracting the required differential pressure DPCMDN cal-
culated in the step 4 from the detected atmospheric pressure
PAN corresponding to that of the flatland (step 5), and the
limit intake air amount GCYLLMTN is calculated according
to the set limit intake pressure PBCMDN (step 6). Further, the
limit EGR amount GEGRLMTN is calculated by subtracting
the target fresh air amount GAIRCMD from the calculated
limit intake air amount GCYLLMTN (step 7), and is com-
pared with the target EGR amount GEGRCMD (step 8). In
the case of this example, the target EGR amount GEGRCMD
is equal to the limit EGR amount GEGRLMTN (NO to the



US 9,273,616 B2

9

step 8), and hence the target EGR amount GEGRCMD is not
subjected to limitation, but is held at the value set in the step
3.

On the other hand, in the case of a highland as shown in (b),
the limit intake pressure PBCMDH is calculated by subtract-
ing the larger required differential pressure DPCMDH calcu-
lated in the step 4 from the atmospheric pressure PAH corre-
sponding to that of the highland, which is lower than the
atmospheric pressure PAN corresponding to that of the flat-
land, and as a result, the limit intake pressure PBCMDH
becomes smaller than the limit intake pressure PBCMDN in
the case of the flatland. Accordingly, compared with the case
of the flatland, the limit intake air amount GCYLLMTH
calculated according to the limit intake pressure PBCMDH
becomes smaller, and the limit EGR amount GEGRLMTH
calculated by subtracting the target fresh air amount
GAIRCMD from the limit intake air amount GCYLLMTH
also becomes smaller. As a result, in this example, the target
EGR amount GEGRCMD exceeds the limit EGR amount
GEGRLMTH (YES to the step 8), so that the target EGR
amount GEGRCMD is set and limited to the limit EGR
amount GEGRLMTN (step 9).

FIG. 13 shows a subroutine of a calculation process for the
feedback correction term GEGRE/B for the target EGR
amount GEGRCMD, executed in the step 32 in FIG. 12. Inthe
present process, first, in a step 41, a difference between the
detected atmospheric pressure PA and the intake pressure PB
is calculated as an actual differential pressure DP. Next, it is
determined whether or not the calculated actual differential
pressure DP is smaller than the required differential pressure
DPCMD (step 42).

If the answer to the question of the step 42 is affirmative
(YES), i.e. if the actual differential pressure DP is smaller
than the required differential pressure DPCMD, which means
that the required differential pressure across the EGR valve
13a is not ensured, a difference (DP-DPCMD) between the
actual differential pressure DP and the required differential
pressure DPCMD is calculated as a differential pressure
deviation DDP (step 43). On the other hand, if the answer to
the question of the step 42 is negative (NO), ie. if
DP=DPCMD, which means that the required across-valve
differential pressure is ensured, the differential pressure
deviation DDP is set to O (step 44). As described above,
substantially only when the actual differential pressure DP is
smaller than the required differential pressure DPCMD, the
differential pressure deviation DDP is calculated as the dif-
ference (negative value) between DP and DPCMD.

Next, in a step 45, a deviation integrated value SDDP is
calculated by an equation of SDDP=DDP+A-SDDPZ using
the differential pressure deviation DDP calculated in the step
43 or 44. In this equation, SDDPZ in the right side represents
the immediately preceding value of the deviation integrated
value SDDP, and A represents a predetermined forgetting
coefficient satisfying 0<A<1.

Next, it is determined whether or not the target EGR
amount GEGRCMD set in the process in FIG. 3 is equal to O
(step 46). If the answer to the question of the step 46 is
affirmative (YES), i.e. if EGR is not executed, the feedback
correction term GEGRF/B is set to 0 (step 47), followed by
terminating the present process. On the other hand, if the
answer to the question of the step 46 is negative (NO), the
deviation integrated value SDDP calculated in the step 45 is
multiplied by a predetermined integration gain KI to thereby
calculate the feedback correction term GEGRE/B (step 48),
followed by terminating the present process.

As is clear from the above calculation method, the feed-
back correction term GEGREF/B is calculated as a negative
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value according to the deviation integrated value SDDP,
which is an integrated value of the difference between DP and
DPCMD when the actual differential pressure DP is smaller
than the required differential pressure DPCMD during execu-
tion of EGR. As described above, since the calculated feed-
back correction term GEGRF/B is added to the target EGR
amount GEGRCMD in the step 33 in FIG. 12, the final target
EGR amount GEGRCMD is thereby reducingly corrected in
a feedback manner.

Further, since the forgetting coefficient A is used when
calculating the deviation integrated value SDDDP, it is possible
to prevent the feedback correction term GEGRF/B from
being excessively increased due to saturation of the deviation
integrated value SDDP along with progress of calculation of
SDDP, and thereby avoid excessive correction, and it is pos-
sible to immediately terminate the feedback correction after
insufficiency of the across-valve differential pressure is
solved.

Hereinafter, reducing correction of the target EGR amount
GEGRCMD using the above-described feedback correction
term GEGRF/B is referred to as the “feedback correction”,
and limitation of the target EGR amount GEGRCMD to the
limit EGR amount GEGRLMT in the above-described pro-
cess in FIG. 3 is referred to as the “feedforward correction”.

FIG. 14 schematically shows changes in the target EGR
amount GEGRCMD and the intake pressure PB occurring
according to shifts in the operating region of the engine 3, as
an example of operation obtained by the above-described
process in FIG. 12 together with a comparative example.

As shown in upper right part in the figure, an operating
region A of the engine 3 is a region in which the demanded
torque TRQ is small and hence the intake pressure PB is low,
making the differential pressure across the EGR valve 13a
large by nature, so that the target EGR amount GEGRCMD is
not limited to the limit EGR amount GEGRLMT because. An
operating region B is a region in which the demanded torque
TRQ is a medium degree, and the target EGR amount
GEGRCMD is limited to the limit EGR amount GEGRLMT
s0 as to ensure the across-valve differential pressure. Further,
an operating region C is a region in which the demanded
torque TRQ is large and hence the load is high, causing the
target EGR amount GEGRCMD to be originally set to 0, so
that the target EGRGCMD is not required to be limited.

Further, a dotted line in the figure indicates an example of
operation in a case where there is no deviation of the intake
characteristics caused by variation in hardware configuration
or the like, a solid line indicates an example of operation in a
case where there is a deviation of the intake characteristics,
and a dashed-dotted line indicates a comparative example in
a case where there is a deviation of the intake characteristics,
and only feedforward correction of the target EGR amount
GEGRCMD is applied while omitting the feedback correc-
tion.

In the examples, the operating region of the engine 3 is
shifted in the order of A—+B—=C—=B—A. Ofthese regions, in
the operating regions A and C, the target EGR amount
GEGRCMD is not limited for the above-mentioned reasons,
and a value set according to the demanded torque TRQ etc. in
the step 3 in FIG. 3 is directly used as the target EGR amount
GEGRCMD. According to the target EGR amount
GEGRCMD, the intake pressure PB is controlled to a target
value dependent on the demanded torque TRQ with a
response delay indicated by a curve.

Further, when the engine 3 is shifted from the operating
region C or A to the operating region B, the feedforward
correction is executed as the target EGR amount GEGRCMD
(broken line in the figure) set in the step 3 exceeds the limit
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EGR amount GEGRLMT (step 8 in FIG. 3: YES), whereby
the target EGR amount GEGRCMD is limited to the limit
EGR amount GEGRLMT (dotted line). As a result, in a case
where there is no deviation of the intake characteristics, the
intake pressure PB is controlled such that it becomes equal to
a difference (=PA-DPCMD) between the atmospheric pres-
sure PA and the required differential pressure DPCMD,
which is the target value at this time, with a response delay as
indicated by the dotted line, whereby the required differential
pressure DPCMD is ensured.

Onthe other hand, in a case where there is a deviation of the
intake characteristics, even if the feedforward correction is
executed in the operating region B as described above, the
intake pressure PB exceeds the target value, causing over-
shoot, as indicated by the dashed-dotted line, which some-
times prevents the required differential pressure DPCMD
from being ensured. In such a case, according to the present
embodiment, when the actual differential pressure DP
becomes less than the required differential pressure DPCMD
(step 42 in FIG. 13: YES), the feedback correction is
executed, whereby the target EGR amount GEGRCMD is
reducingly corrected by an amount corresponding to the feed-
back correction term GEGRF/B (solid line). As a result, as
indicated by the solid line, the intake pressure PB is con-
trolled such that it converges to the target value with a
response delay, whereby it is possible to ensure the required
differential pressure DPCMD.

As described hereinafter, in the present embodiment, a
target opening degree S THCMD of the throttle valve 10a and
atarget opening degree LEGRCMD of the EGR valve 13a are
calculated based on the limit intake pressure PBCMD, the
target fresh air amount GAIRCMD, and the target EGR
amount GEGRCMD, calculated as described above. Hereaf-
ter, a nozzle expression used in calculation of these values
will be described first.

This nozzle expression is formed by regarding a fluid flow-
ing through a nozzle as compressible fluid, and modeling a
relationship between upstream and downstream pressures
across the nozzle and a flow rate of the fluid flowing through
the nozzle, and a general expression thereof is expressed by
the following equation (1):

M

In this equation, G in the left side represents a flow rate of
fluid, K in the right side represents an opening function deter-
mined according to the configuration and opening degree of
the nozzle, P1 represents a pressure on the upstream side of
the nozzle, R represents a gas constant of the fluid, and T
represents a temperature of the fluid. Further, ¥ represents a
pressure function defined by the following equation (2):
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-continued

K+l

¥ 2 s
- K(K+1]

In this equation, P2 represents a pressure on the down-
stream side ofthe nozzle, and  represents a specific heat ratio
of the fluid. As is clear from the equation (2) and FIG. 7
showing the equation (2), the pressure function ¥ is univo-
cally determined only according to a pressure ratio P2/P1
between the downstream pressure P2 and the upstream pres-
sure P1 regardless of the configuration and opening degree of
the nozzle, and when the pressure ratio P2/P1 is not more than
a predetermined value corresponding to a sonic speed, the
pressure function W takes a fixed maximum value Wmax.

Further, when the equation (1) is expressed with respect to
the opening function K, there is obtained the following equa-
tion (3):

GVR'T €)

K==

When applying the above-described nozzle expression to
the throttle valve 10qa, the fluid flow rate G, the opening
function K, the upstream pressure P1, the downstream pres-
sure P2, the fluid temperature T, and the pressure function W
in the equations (1) to (3) are replaced by the target fresh air
amount GAIRCMD, an opening function KTH of'the throttle
valve 10a, the atmospheric pressure PA, the limit intake pres-
sure PBCMD, the intake air temperature TA, and a pressure
function WTH of the throttle valve 10a, respectively. As a
result, the equations (1) to (3) are rewritten into the following
equations (4) to (6), respectively:

GAIRCMD = KTH -PA- .| —— -WTH
R-TA
PBCMD 2 *% ®)
‘When > (
K+ 1
k+1
PBCMD (PBCMD] e
(‘PEGR) PA
PBCMD 2 é
When =< (
K+ 1
YTH ( 2 )%}—
= K]
(YEGR) K+1

GAIRCMD-VR-TA ©)

PA-¥YTH

Further, when applying the nozzle expression to the EGR
valve 13a, the fluid flow rate G, the opening function K, the
upstream pressure P1 and the downstream pressure P2, the
fluid temperature T, and the pressure function W in the equa-
tions (1) to (3) are replaced by the target EGR amount
GEGRCMD, an opening function KEGR of the EGR valve
134, the atmospheric pressure PA and the limit intake pres-
sure PBCMD similarly to the case of the throttle valve 10aq,
the EGR temperature TEGR, and a pressure function $WEGR
for the EGR valve 13a, respectively. As a result, the equations
(1) and (3) are rewritten into the following equations (7) and

(8):
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GEGRCMD = KEGR-PA- | ———— -WEGR
R-TEGR
GEGRCMD-\R-TEGR ®)

KEGR =
PA-YEGR

Note that as described above, to use the atmospheric pres-
sure PA and the limit intake pressure PBCMD as the upstream
pressure P1 and the downstream pressure P2 is common
between this case and the case of the throttle valve 10a, and
hence the pressure function WEGR for the EGR valve 13a is
the same as the pressure function WTH for the throttle valve
10a, and is calculated by the equation (5).

Next, a control process for the throttle valve 10a executed
based on the target fresh air amount GAIRCMD will be
described with reference to FIG. 8. In the present process,
first, in a step 11, the pressure function WTH for the throttle
valve 10a is calculated by the above equation (5) according to
the atmospheric pressure PA and the limit intake pressure
PBCMD. Next, the opening function KTH of the throttle
valve 10a is calculated by the equation (6) using the calcu-
lated pressure function WTH (step 12).

Next, the target opening degree 8 THCMD of the throttle
valve 10q is calculated by searching a map shown in FIG. 9
according to the opening function KTH (step 13). This map is
formed by determining, by experiment or the like, a relation-
ship between the opening function KTH and the throttle valve
opening 6TH, and mapping the obtained relationship as a
relationship between the opening function KTH and the tar-
get opening degree 6THCMD, and as the opening function
KTH is larger, the target opening degree 6 THCMD is set to a
larger value.

Next, a control input U_TH is calculated by searching a
predetermined map (not shown) according to the calculated
target opening degree 6THCMD (step 14). Then, a drive
signal based on the calculated control input U_TH is output to
the TH actuator 105 to thereby drive the throttle valve 10a
(step 15), whereby the throttle valve opening 6TH is con-
trolled to the target opening degree 6THCMD, followed by
terminating the present process.

Next, a control process for the EGR valve 13a executed
based on the target EGR amount GEGRCMD will be
described with reference to FIG. 10. In the present process,
first, in a step 21, the pressure function WEGR for the EGR
valve 13a is calculated by the above equation (5) according to
the atmospheric pressure PA and the limit intake pressure
PBCMD. Next, the opening function KEGR of the EGR valve
13a is calculated by the equation (8) using the calculated
pressure function WEGR (step 22).

Next, the target opening degree LEGRCMD of the EGR
valve 13a is calculated by searching a map shown in FIG. 11
according to the opening function KEGR (step 23). This map
is formed by determining, by experiment or the like, a rela-
tionship between the opening function KEGR and the EGR
valve opening LEGR, and mapping the obtained relationship
as arelationship between the opening function KEGR and the
target opening degree LEGRCMD, and as the opening func-
tion KEGR is larger, the target opening degree LEGRCMD is
set to a larger value. Further, as described above, while the
throttle valve 10a is of the butterfly type, the EGR valve 134
is of the poppet type, and hence the map in FI1G. 11 is different
in shape from the map for the throttle valve 104 in FIG. 9
because of the difference in the valve type.

Next, a control input U_EGR is calculated by searching a
predetermined map (not shown) according to the calculated
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target opening degree LEGRCMD (step 24). Then, a drive
signal based on the control input U_EGR is output to the EGR
actuator 135 to thereby drive the EGR valve 13a (step 25),
whereby the EGR valve opening LEGR is controlled to the
target opening degree LEGRCMD, followed by terminating
the present process.

As described above, according to the present embodiment,
the limit intake pressure PBCMD for ensuring the required
differential pressure DPCMD is set by subtracting the
required differential pressure DPCMD from the detected
atmospheric pressure PA, and the limit intake air amount
GCYLLMT of intake air which can be drawn into the com-
bustion chamber 34 is calculated based on the set limit intake
pressure PBCMD. Further, the limit EGR amount GEGR-
LMT is calculated by subtracting the target fresh air amount
GAIRCMD from the limit intake air amount GCYLLMT.

Then, when the target EGR amount GEGRCMD is larger
than the limit EGR amount GEGRLMT, it is determined that
the required differential pressure DPCMD cannot be ensured,
and the target EGR amount GEGRCMD is limited to the limit
EGR amount GEGRLMT. By this control, it is possible to
maintain the target fresh air amount GAIRCMD, and ensure
the fresh air amount, and therefore, it is possible to meet a
torque demand by the driver, and maintain drivability. Fur-
ther, by limiting the target EGR amount GEGRCMD such
that the sum of the target EGR amount GEGRCMD and the
target fresh air amount GAIRCMD becomes equal to the limit
intake air amount GCYLLMT, it is possible to increase the
across-valve differential pressure to thereby ensure the
required differential pressure DPCMD, and therefore, it is
possible to stably recirculate exhaust gases, and control the
EGR amount with high accuracy.

Further, a difference between the detected atmospheric
pressure PA and intake pressure PB is calculated as the actual
differential pressure DP, and when the actual differential
pressure DP is smaller than the required differential pressure
DPCMD, the target EGR amount GEGRCMD is reducingly
feedback-corrected, and hence it is possible to secure the
required differential pressure DPCMD even when there is
caused a deviation of the intake characteristics by variation in
hardware configuration or aging.

Further, a difference between the atmospheric pressure PA
and intake pressure PB is used as the differential pressure
across the EGR valve 134, and hence it is possible to effec-
tively obtain the above-described effects while properly
reflecting a difference in pressure between the upstream side
and the downstream side of the EGR valve 13a. Further, the
atmospheric pressure PA is a parameter usually used for con-
trolling the engine 3, and hence a detection result from the
existing atmospheric pressure sensor 22 disposed for detect-
ing the atmospheric pressure PA can be directly used. Further,
since the required differential pressure DPCMD is ensured,
the difference between the detected atmospheric pressure PA
and intake pressure PB is controlled such that it becomes
equal to the target value, and hence it is possible to perform
the control using the difference between the two pressures,
e.g. purge control for purging evaporated fuel into the intake
passage 6 using a negative pressure in the intake collector 6a,
with high accuracy.

Further, since the required differential pressure DPCMD is
set to a larger value as the detected atmospheric pressure PA
is lower, it is possible to ensure a larger across-valve differ-
ential pressure and stabilize recirculation of exhaust gases,
and therefore, even when the atmospheric pressure is low, it is
possible to control the EGR amount with high accuracy.

Note that the present invention is by no means limited to the
embodiment described above, but can be practiced in various
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forms. For example, although in the above-described embodi-
ment, the difference between the detected atmospheric pres-
sure PA and intake pressure PB is used as the differential
pressure across the EGR valve 13a, this is not limitative, but
any other parameter may be used insofar as it properly reflects
a difference in pressure between the upstream side and the
downstream side of the EGR valve 13a. For example, a dif-
ference in pressure between the immediately upstream side
and the immediately downstream side of the EGR valve 13a
in the EGR passage 12 may be used as the differential pres-
sure across the EGR valve 13aq, or a difference in pressure
between the exhaust passage 7 and a desired portion of the
intake passage 6 at a location downstream of the throttle valve
10a may be used. Also in these cases, the required differential
pressure DPCMD is set to a larger value as the detected
atmospheric pressure PA is lower.

Further, although in the embodiment, whether or not the
across-valve differential pressure is in a state in which the
required differential pressure can be ensured is determined by
comparing the limit EGR amount GEGRLMT, which is a
difference between the limit intake air amount GCYLLMT
and the target fresh air amount GAIRCMD, with the target
EGR amount GEGRCMD, this is not limitative, but it is to be
understood that the determination may be performed by com-
paring the limit intake air amount GCYLLMT with a sum
(=target total intake air amount) of the target fresh air amount
GAIRCMD and the target EGR amount GEGRCMD. In this
case, the limit EGR amount GEGRLMT is calculated by
subtracting a difference between the target total intake air
amount and the limit intake air amount GCYLLMT from the
target EGR amount GEGRCMD.

Furthermore, although in the above-described embodi-
ment, the present invention is applied to the automotive gaso-
line engine, this is not limitative, but it can be applied to
various engines other than the gasoline engine, e.g. a diesel
engine, and further, it can be applied to engines other than the
engines for vehicles, e.g. engines for ship propulsion
machines, such as an outboard motor having a vertically-
disposed crankshaft. Further, it is possible to change details of
the construction of the embodiment within the spirit and
scope of the present invention.

INDUSTRIAL APPLICABILITY

As described heretofore, the intake control system for an
internal combustion engine according to the present invention
is effective in ensuring a differential pressure across an EGR
valve and controlling an EGR amount with high accuracy
while maintaining drivability, even in a case where an air-fuel
mixture of a stoichiometric air-fuel ratio is burned.

REFERENCE SIGNS LIST

2 ECU (demanded torque-calculating means, target fresh
air amount-setting means, required differential pres-
sure-setting means, differential pressure state-determin-
ing means, control means, target EGR amount-setting
means, limit intake pressure-setting means, limit intake
air amount-calculating means, limit GER amount-cal-
culating means, and correction means)

3 engine (internal combustion engine)

3d combustion chamber

6 intake passage

7 exhaust passage

10a throttle valve

12 EGR passage

13a EGR valve
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20 crank angle sensor (operating condition-detecting
means)

21 accelerator pedal opening sensor (operating condition-
detecting means)

22 atmospheric pressure sensor (atmospheric pressure-de-
tecting means)

24 intake pressure sensor (intake pressure-detecting
means)

GAIR fresh air amount

GEGR EGR amount

NE engine speed (operating condition of the engine)

AP accelerator pedal opening (operating condition of the
engine)

LEGR EGR valve opening (opening degree of the EGR
valve)

LEGRCMD target opening degree of the EGR valve

TRQ demanded torque

GAIRCMD target fresh air amount

DPCMD required differential pressure

DP actual differential pressure (difference between the
atmospheric pressure and the intake pressure)

0TH throttle valve opening (opening degree of the throttle
valve)

0THCMD target opening degree of the throttle valve

PA atmospheric pressure

PB intake pressure

GEGRCMD target EGR amount

PBCMD limit intake pressure

GCYLLMT limit intake air amount

GEGRLMT limit EGR amount

GEGRF/B feedback correction term of the target EGR
amount

The invention claimed is:

1. An intake control system for an internal combustion

engine, comprising:

a throttle valve provided in an intake passage of the engine,
for adjusting an amount of fresh air drawn into a com-
bustion chamber;

an EGR passage for recirculating part of exhaust gases
discharged from the combustion chamber into an
exhaust passage to a downstream side of said throttle
valve in the intake passage;

an EGR valve disposed in an intermediate portion of said
EGR passage, for adjusting an EGR amount, which is an
amount of exhaust gases recirculated through said EGR
passage;

operating condition-detecting means for detecting operat-
ing conditions of the engine;

demanded torque-calculating means for calculating a
demanded torque demanded by a driver according to the
detected operating conditions of the engine;

target fresh air amount-setting means for setting a target
fresh air amount based on the calculated demanded
torque;

required differential pressure-setting means for setting an
across-valve differential pressure required to stably
recirculate exhaust gases, which is a difference in pres-
sure between an upstream side and a downstream side of
said EGR valve, as a required differential pressure;

differential pressure state-determining means for deter-
mining whether or not the across-valve differential pres-
sure is in a state in which the set required differential
pressure can be ensured; and

control means for, when it is determined that the across-
valve differential pressure is not in the state in which the
set required differential pressure can be ensured, reduc-
ingly controlling an opening degree of said EGR valve to
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thereby limit the EGR amount and controlling an open-
ing degree of said throttle valve such that the target fresh
air amount of fresh air is drawn into the combustion
chamber, so as to ensure the required differential pres-
sure.

2. The intake control system according to claim 1, further

comprising:

atmospheric pressure-detecting means for detecting atmo-
spheric pressure;

target EGR amount-setting means for setting a target EGR
amount based on operating conditions of the engine;

limit intake pressure-setting means for setting a limit
intake pressure for ensuring the required differential
pressure, by subtracting the required differential pres-
sure from the detected atmospheric pressure;

limit intake air amount-calculating means for calculating a
limit intake air amount of intake air which can be drawn
into the combustion chamber based on the set limit
intake pressure; and

limit EGR amount-calculating means for calculating a
limit EGR amount by subtracting the target fresh air
amount from the calculated limit intake air amount, and

wherein said differential pressure state-determining means
determines whether or not the across-valve differential
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pressure is in a state in which the required differential
pressure can be ensured, by comparing the set target
EGR amount and the calculated limit EGR amount, and

wherein when the target EGR amount is larger than the
limit EGR amount, said control means limits the target
EGR amount to the limit EGR amount, and controls the
opening degree of said EGR valve based on the limited
target EGR amount.

3. The intake control system according to claim 2, further

10 comprising:

intake pressure-detecting means for detecting pressure in
the intake passage on the downstream side of said
throttle valve as intake pressure; and
correction means for reducingly correcting the target EGR
amount when a difference between the atmospheric
pressure and the detected intake pressure is smaller than
the required differential pressure.
4. The intake control system according to claim 1, further
comprising atmospheric pressure-detecting means for detect-

20 ing atmospheric pressure, and

wherein said required differential pressure-setting means
sets the required differential pressure to a larger value as
the detected atmospheric pressure is lower.
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